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(71) We, General Electric Com- 
PANYj a corporation organised and existing 
under the laws of the State of New York, 
United States of America, residing at 1 River 

5 Road, Schenectady 12305, State of New 
Yorkj United States of America, do hereby 
declare the invention, for which we pray that 
a patent may be panted to us, and the 
method by which it is to be performed, to 

10 be particularly described in and by the follow- 
ing statement: — 

The present invention relates to improve- 
ments in rotor constructions and, more par- 
ticularly, to bladed turbomachinery rotors as 

15 used in gas turbine engines. 

Since the first use of gas turbine engines 
for the propulsion of aircraft, there has been 
a pressing need to obtain ever-increasing 
thrust or power output from a given weight 

20 of engine. The need or desirability of such 
an objective is, of course, obvious from the 
basic economic gains which can be obtained 
from resultant increased load capacity and/ 
or flight speed. 

25 In many instances this broad objective can 
be and has been obtained through the use of 
higher strength-to-weight ratio structures. 
Many improvements have been made in this 
area in regard to both stationary and rotating 

30 components of a gas turbine engine. Ftnther, 
there has been a recognition of the extremely 
high strength and strength-to-weight ratio 
capabilities of filament materials such as glass 
fibres and, more recently, boron and graphite 

35 fibres or filaments. These filament materials, 
because of the crystalline orientation which is 
obtained in their formation, fabrication, or 
manufacture, have strengths several times 
what the same material would have in a 

40 homogeneous or amorphous form, as in cast- 
ings or forgings. There have been many not- 
able uses of these filament materials, but^ for 
the most part, the utility has been limited to 
unidirectional stress environments or to appli- 

45 cations where stresses are relatively low. 

Engine rotors have not shown any substan- 
tial improvement in their strength-to-weight 
ratios, other than what has been afforded by 

[ ' 



improvements in the strengths of homo- 
geneous materials. Rotor designs have, by and 
large, remained unchanged in their basic con- 
cepts. These concepts are predicated upon the 
use of annular disks having thick (heavy) 
inner sections adequate to carry the high 
radial blade loadings as tangential loadings. 
This design philosophy is "necessitated, in 
most instances, by a requirement for an axial 
passageway through the rotor. The thickened 
annular disk also, for reasons well known to 
those skilled in the art, requires the use of 
substantial safety factors so that the suength 
capabilities of the disk materials cannot be 
fully realized. 

One object of the present invention is to 
provide an improved turbomachinery rotor, 
particularly adapted for gas turbine engines 
tised in the propulsion of aircraft, which has 
a significantly improved stroigdi-to-weigfat 
ratio and which is capable of operating under 
stress loadings hitherto imobtainable in any 
pracdcal sense. 

Another object of the invention is to more 
fully, if not completely, exploit the strength 
capabilities of filament and homogeneous 
materials in the fabrication of turbomachinery 
rotors. 

According to the present invention there is 
provided a turbomadiinery rotor having angu- 
larly spaced blades projecting radially there- 
from, said rotor comprising a hoop formed of 
circumferentially extending filaments and a 
circimiferential yoke portion enibracing the 
inner surface of said hoop and having radially 
extending flange portions on opposite sidcb 
of said hoop, said blades being respectively 
secured to both of said flange portions, where- 
by» when the rotor is rotating at high speeds, 
the radial loadings thereon are taken primarily 
as tension loads through the yoke and its 
flange portions, and such radial loads are ulti- 
mately carried in tension loads by the hoop 
as the hoop also carries tangential loadings, 
in tension, resultant from the rotation. 

Embodiments of the invention wiU now 
be described, by way of example only, with 
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reference to the accompanying drawing in 
which : 

Figure 1 is a longitudinal section, through 
the fan portion of a turbofan engine, illustrat- 
5 ing a rotor embodying the present inven- 
tion; 

Figure 2 is a section taken generally on 
line II — ^11 in Figure 1; 

Figure 3 is a section taken on line III — 
10 III in Figure 1 with the rotor blades re- 
moved; 

Figure 4 is a longitudinal section through 
another turbofan rotor illustrating an altcmat- 
tive embodiment of the invention; 
15 Figure 5 is a fragmentary view illustrating 
the assembly technique for Ae rotor of Figure 
4; and 

Figure 6 is a longitudinal section through 
a compressor rotor illustrating another alter- 
20 native embodiment of the invention. 

In Figure 1, bearing 10 journals the for- 
ward end of a shaft 12 of a two-shaft turbo- 
fan engine, which may be of well-known 
general construction. A torque cone 14 is 
25 secured to the forward end portions of the 
shaft 12 by a nut 15. The torque cone 14 
is secured by bolts 16 to a rotor 18. The bolts 
16 also secure a flange 20 to the rotor 18 to 
moimt a bullet nose 22 to the forward end of 
30 the fan rotor. 

The rotor 18 comprises a circumferential 
yoke 24 having an inwardly projecting flange 
26 through which the bolts 16 pass for secur- 
ing the torque cone 14 and bullet nose flange 
35 20 thereto. The yoke 24 comprises radial 
flanges 27, extending outwardly and joined to 
a rim portion 28 in which curved dovetail 
slots 30 are formed in spaced relation around 
the circumference of the rim 28. Blades 32, 
40 advantageously formed by composite materials 
with a hollow core, are mounted on the rotor 
18 by means of tangs 34, at their inner ends, 
which are appropriately curved and tapered 
to be received by the dovetail slots 30. Plat- 
45 forms 36, of thin-wall construction, are 
secured to the outer surface of the rim 28 to 
define the inner bounds of the airstream pas- 
sing through the fan blades 32. A flange 38 
is secured to the rotor by means of bolts 40, 
50 extending through the rear platform walls, to 
lock the blades 32 on the rotor (against bul- 
let nose 22), as weU as to prevent leakage of 
air between the inner ends of the blades be- 
neath platform surfaces. 
55 The yoke 24 and the rim 28 define a ring- 
like cavity which receives a hoop 42. The 
hoop is formed of a filament or filaments, of 
material having a strength higher, and also, 
preferabl\% having a higher modulus of elas- 
60 ticity, than the material from which the yoke 
24 is formed. In accordance with today's 
technology, boron or carbon filaments are pre- 
ferred selections of filament material. It is 
well known to those skilled in the art at what 
65 diameters these filaments provide extremely 



high strength character! stics^, in the order of 
200,000 psi or greater, and further possess 
high moduli of elasticity', in the range of 25 — 
SOXIO*"* dryness per square centimetre. 

The present rotor comprises the high 70 
strength filament hoop and, as structural ele- 
ments, means formed of a homogeneous 
material or materials for attaching the blades 
32 thereto. The homogeneous material por- 
tions comprise the yoke 24 and the rim por- 75 
tion 28, with its arcuate dovetail slots 30 
providing a removable mounting for the 
blades. The platforms 36 are not considered 
as load-carrying elements and may be formed 
integrally with the blades, as is more conven- 80 
tional with metal blades. The yoke and rim 
portions are initially fabricated as separate 
elements, as can ascertained from the different 
hatching seen in Figure 1. 

The term homogeneous material is herein 85 
used to denote materials, such as cast rolled 
or forged metals^ which do not have pre- 
dominant directional strength characteristics 
as found in filament materials. 

The yoke portion 24, prior to its assem- 90 
bly with rim portion 28, defines an annular 
groove within which the hoop 42 is fabri- 
cated. This is preferably done by winding one 
or more continuous lengths of filament 
material, under uniform tension, within the 95 
annular groove of the yoke so that it is em- 
braced thcrebj'. In most instances it will be 
preferable that those wound filaments be 
bonded together in a suitable matrix which, 
dependent upon operating temperatures and 100 
other requirements, could be either a plastic, 
such as epoxy resin, or a metal, as for ex- 
ample, aluminiiun. After the filaments have 
been wound and suitably bonded within a 
matrix to form the hoop 42, the yoke portion 105 
24 is joined to the rim portion 28. To facili- 
tate attachment, small annular ribs 29 arc 
formed on the inner surface of the rim por- 
tion 28. The ribs 29 register with the flanges 
27 of the yoke poruon 24 and are bonded 110 
thereto, advantageously by electron beam 
welding, so that the yoke 24 and rim portion 
28, after assembly, form an intcgrgal mem- 
ber. It will also be seen that the inner sur- 
face of the rim portion 28 is grooved at 31 115 
between the ribs 29. The groove 31 is of 
suflScient depth to intersect the dovetails 30 
and form openings 33 in their bottom sur- 
faces. The openings 33 enable visual inspec- 
tion to ascertain the integrity of the welded 120 
joint between the yoke portion 24 and the rim 
ponion 28. The groove 31 and the projection 
of the flanges 27 beyond the hoop 42 facili- 
tates electron beam welding of the flanges 27 
to the rim ribs 29. 125 

With the described rotor construction, an 
extremely high strength-to-weight ratio is ob- 
tained. This is bener understood by reference 
to the following basic relationships : 
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Radial Stress=M . R . w^; 
Radial Strain=M , R . to^; 



E 

Tangential Stress=M . R* . <i>=; 
Tangential Strain=M . R= • a)=; 



E 

5 wherein M=the mass, R=radius, <£)=rate of 
rotation and E=modiius of elasticity. 

From Figures 1 and 2 it will be apparent 
that the structural portions of the rotor which 
are formed of homogeneous material, namely, 

10 yoke 24, its flanges 27, and the rim 2S, are 
subjected primarily to radial loadings. The 
dovetail slots 30 interrupt the continuity of 
the rim 28 so that there is only a very small 
or minimal extent of uninterrupted, circum- 

15 ferential portions of homogeneous material be- 
yond the hoop 42. 

It will further be noted that the uninter- 
rupted portions of homogeneous material are 
limited in tangential deflection by the hoop 

20 42. Since these portions are limited in tangen- 
tial strain, they must be sized primarily to 
carry radial loads^ which are simply a linear 
function of the working radius as opposed to 
tangential stresses and strains which are a 

25 function of the square of the working radius. 
By limiting the function of the homogeneous 
material to carrying radial loads^ it is pos- 
sible to employ lower density materials which 
further reduce the stress and strain levels by 

30 reducing the value of the mass in the equa- 
tions above. All of this provides the ability 
to accurately size the homogeneous portions 
of the rotor at a minimum value, taking full 
advantage of the strength capabilities of the 

35 materials used. 

As noted, the hoop 42 restrains tangential 
deflection of the homogeneous portions of the 
rotor. It is fundamental that stress is propor- 
tional to strain or actual deflection, and, fur- 

40 ther, that strain is inversely proportional to 
the modulus of elasticity of the material. By 
selecting the filaments of hoop 42 with a 
modulus of elasticity substantially greater than 
that of the homogeneous material portions of 

45 the rotor, the tangential strain induced hito 
these lower strength portions are minimized 
and the stresses which they carry are main- 
tained well within the strength capabilities of 
such materials. 

50 Thus, it will be apparent that the imidiiec- 
tional strength properties of the filaments 
forming the hoop 42 are fuUy utilized to 
carry the tangential loadings inherent in the 
high speed rotation of a rotor, as well as 

55 carrying the radial loadings from the high 
centrifugal forces on the blades when rotating 
at high speeds. Further benefits are attained 



in the present invention by preferably cm- 
ploying materials having a low specific den- 
sity to xeduoe tte mass factor in the stress- 60 
strain relationships. Thus, for example, beryl- 
lium is advantageously employed to form the 
structural^ homogeneous material portions, 
while boron filaments yield similar advantages 
in forming the hoop 42. 65 

If the homogeneous material has a modulus 
of elasticity approximating or greater than the 
hoop filament material, and same benefits of 
minimizing tagential loadings thereon may 
be obtained. In such a case the hoop and 70 
homogeneotis material would be preloaded to 
obtain the benefits described above. 

The rotor 18', of Figure 4, is similar in 
general configuration to die rotor IS of 
Figiire 1. However, the homogeneous material 75 
portions thereof, including the non-structural 
platforms, are initially formed as two sepa- 
rate members, split along a parting line, cen- 
trally of the hoop 42'. The hoop 42' is pre- 
ferably completely toroidal in configuration 80 
and initially formed as a separate element, as 
in a mould. 

Figure 5 illustrates the two homogeneous 
members 44, 46 and hoop 42' positioned for 
assembly. It will be seen that the diameter 85 
of the hoop 42' is somewhat less than that 
of the semicircular grooves 48 in the members 
44, 46, which are to receive the hoop. By 
employing known techniques such as the use 
of differential temperatures, the hoop 42' is 90 
expanded and the members 44> 46 contracted 
(as indicated by arrows in Figure 5) permit- 
ting the members 42', 44, 46 to be brought 
together in assembled relation (also indicated 
by arrows in Figure 5). Thereafter these com- 95 
ponents are held in assembled relation and 
the members 44, 46 joined, as by diffusion 
bonding, to form the integral, composite 
structure seen in Figure 4. In the assembly 
operation the hoop 42' may also be physically 100 
forced to an enlarged diameter. The bonding 
process can be facilitated by selecting 
materials which can be bonded at tempera- 
tures which are compatible with the hoop fila- 
ments of matrix. 105 

The net result of these steps is that the 
homogeneous material portions of the rotor 
18', which are to be tangentially stressed, are 
initially stressed in compression. As the com- 
posite rotor structure is tangentially deflected 110 
or strained in high speed rotation, these pre- 
stressed portions wiU pass throu^ a zero 
stress condition and then be stressed in ten- 
sion. However, the maximum stress levels, in 
tension, tangentially in the homogeneous 115 
material are maintained within their physical 
material capabilities (with a minimum of 
material and, considering the R= factor) as 
full advantage of the load-carrying capabili- 
ties of the hoop 42'. 120 

While the prescribed pre-stressing of the 
rotor is particularly of significance where the 
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hoop modulus of elasticity is not significantly 
greater than that of the homogeneous 
material, this feature can be advantageous 
where such condition does not occur. 
5 Figure 6 illustrates another type of com- 
pressor rotor, indicated generally at 50, 
wherein a compressor rotor is provided with 
axlally spaced circumferential rows of blades 
52. 'i'hc blades pressurize an annular stream 
10 of gas within an outer casing 54 on which 
are mounted conventioi?^! stator blades 56. 
Rotor 50 may be joumaled and connected to 
a turbine in conventional fashion. The blades 
52 are mounted on the rotor 50 by tangs 58 

15 which are received in circimiferential dove- 
tail grooves 60. The radial force loadings of 
the blades are transmitted from the dovetail 
grooves 60 into radial flanges 62 which are 
formed integrally with a yoke "tion 64, 

20 surrounding a bonded filament ho< 66. The 
5'oke portion is formed by two manbers which 
are essentially split along the centre of the 
toroidal hoop 66, the assembly being accom- 
plished in the same fashion as described in 

25 connection with the rotor construction of 
Figure 4, the two halves being joined, as by 
diffusion bonding, to form a unitary compo- 
site structure. Axial flanges 68 extend up- 
stream and downstream from the radial 

30 flanges 62, adjacent flanges 68 being joined 
together as b}^ electron beam welding to form 
a unitary rotor structure 50. 

The radial loadings of the blades 52 are 
transmitted through the flanges 62 and yoke 

35 64 as tangential hoop loadings on the hoop 66, 
and the advantages previously described in 
connection with Figures 1 — 3 and 4 are also 
achieved in this type of construction. 

While the description herein has been 

40 directed to compressor rotors embodying the 
present invention, the same benefits may also 
be achievea in other turbomachinery rotors 
having angularly spaced blades projecting 
therefrom. 



45 WHAT WE CLAIM IS: — 

1. A turbomachinery rotor having angularly 
spaced blades projecting radially therefrom, 
said rotor comprising a hoop formed of cir- 
cumferentially extending filaments and a cir- 

50 cumferential yoke portion embracing the inner 
surface of said hoop and having radially ex- 
tending flange portions on opposite sides of 
said "hoop, said blades being respectively 
secured to both of said flange portions, where- 

55 by, when the rotor is rotating at high speeds, 
the radial loadings thereon are taken pri- 
marily as tension loads through the yoke and 



its flange portions, and such radial loads are 
ultimately carried in tension by the hoop as 
the hoop also carries tangential loadings, in 60 
tension, resulting from the rotation. 

2. A turbomachinery rotor as claimed in 
claim 1 wherein said yoke portion is formed 
of a homogeneous metal material and has 
continuous circumferential portions. 65 

3. A turbomachinery rotor as claimed in 
claim 1 or claim 2 wherein the modulus of 
elasticity of the hoop is greater than that of 
the material forming the yoke portion. 

4. A turbomachinery rotor as claimed in 70 
any one of claims 1 to 3 wherein the hoop 

is tangentially pre-stressed in tension and the 
yoke portion embraced thereby is tangentially 
pre-stressed in compression. 

5. A turbomachinery rotor as claimed in 75 
any one of claims 1 to 4 wherein the yoke 
portion is formed by two members bonded 
together on a plane central of said hoop to 
form a unitary yoke portion. 

6. A turbomachinery rotor as claimed in 80 
claim 5 wherein a rim portion is joined to 

the outer ends of the yoke portion flanges 
and dovetail slots extend across said rim for 
the attachment of individual blades thereto. 

7. A turbomachinery rotor as claimed in 85 
claim 4 wherein a rim portion is joined to 

the outer ends of said yoke portion flanges 
and a circiunferential dovetail groove is 
formed in said rim portion centrally of said 
hoop to provide for moimting of said blades. 90 

S. A turbomachinery rotor as claimed in 
any one of claims 1 to 3 wherein a rim por- 
tion is joined to the outer ends of said yoke 
portion flanges and dovetail slots are pro- 
vided for individually mounting blades on 95 
said rim portion and at attaching flange pro- 
jects inwardly from the yoke portion to enable 
joining of the rotor to other rotating ele- 
ments. 

9. A turbomachinery rotor as claimed in 100 
claim 8 wherein the rim portion has a pair of 
annular ribs on its iimer surface which are 
bonded to the yoke portion flanges to form 

an integral structure, and wherein a groove is 
fonncd on the inner surface of said rim par- 105 
tion between said ribs and dovetail slots ex- 
tend across said rim poi:rion and form, in 
combination with said groove, openings, there- 
by providing means for mounting individual 
blades on the rim portion and providing 110 
access for visual inspection of the bonded 
attachment of the rim portion to the yoke 
portion. 

10. A turbomachinery rotor as claimed in 
claim S wherein the yoke portion and the 115 
rim portion are formed by separate members 
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bonded together along a plane central of 
said hoop to form an integral structure. 

11. A turbomachinery rotor substantially as 
described herein with reference to Figures 1 
to 3y or Figures 4 and 5, or Figure 6 of the 
accompanying drawings. 
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